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PreviewsGPAT4 somehow obtain TG from the ER
while the eLDs containing GPAT4 expand
because TG is made directly on them. To
elegantly prove this point, Wilfling et al.
(2013) showed that knockdown of
GPAT4 virtually eliminated large eLDs,
whereas knockdown of other GPATs
(which are on theER) significantly reduced
the number of sLDs.
How do GPAT4 and other TG synthesis
enzymes relocate from the ER to eLDs?
This is not a trivial question, because
these enzymes are integral membrane
proteins and cannot simply diffuse from
the ER to LDs through the cytosol. Wilfling
et al. (2013) provide two important clues.
One is that GPAT4 seems to have an
unusual membrane topology that allows
it to reside in both the ER and LDs. The
authors found that GPAT4 does not have
any domains in the ER lumen and that its
two transmembrane domains probably
do not completely span the membrane.
This topology allows GPAT4 to reside in
LDs, which lack an aqueous interior.
Importantly, the introduction of a small
lumenal domain between the two trans-
membrane segments of GPAT4 pre-
vented the protein from exiting the ER.336 Developmental Cell 24, February 25, 201Wilfling et al. (2013) propose that GPAT4
and other proteins move from the ER
to LDs via membranous connections
between the organelles. These connec-
tions are visible by electron microscopy,
and their existence has been suggested
by previous studies as well (Fujimoto
and Parton, 2011). The nature of these
bridges and how they form is a fascinating
mystery. One possibility is that at ER-LD
bridges, the monolayer surrounding LDs
is continuous with one of the two leaflets
of the ER membrane, thereby providing
a conduit for proteins like GPAT4 to
diffuse from the ER to LDs (Figure 1). It
may be that there is some machinery that
assembles these bridges when LD expan-
sion is necessary, but a simpler possibility
is that the bridges are present when
nascent LDs initially form and are main-
tained as LDs expand. Therefore, ER-LD
bridges may exist before oleate addition
and allow rapid LD expansion when
necessary. Indeed, it could be that the
reason eLDs can expand rapidly is that
after they are initially formed, they remain
connected to the ER while sLDs do not.
Whatever the mechanism of ER-LD
bridge formation, the existence of these3 ª2013 Elsevier Inc.connections raises a host of other impor-
tant questions. Why does GPAT4 remain
in the ER before oleate is added to cells,
and, once oleate has been added, why
does GPAT4 only migrate to a subset of
LDs?Wilfling et al. (2013) present evidence
that once GPAT4 reaches an LD, it never
moves back to the ER. Given this unidirec-
tionality, is there some sort of gate that
prevents GPAT4 and other TG-synthe-
sizing enzymes from leaving LDs, or do
these proteins have higher affinity for LDs
than for the ER membrane? Unraveling
the nature of ER-LDbridges and how lipids
and proteins move across them will be
exciting problems to tackle in future work.REFERENCES
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Epithelia must maintain barrier function—protecting interior tissues from a variable external environment—
evenwhile their cells divide. In the previous issue ofDevelopmental Cell, Guillot and Lecuit (2013), Founounou
et al. (2013), and Herszterg et al. (2013) present complementary findings on the interplay between cell adhe-
sion and cell division.Epithelial cells are interconnected via
adherens junctions, apically localized
protein complexes that include the
core transmembrane protein E-cadherin,
cytoplasmic components b-catenin and
a-catenin, and many components of
the actomyosin cytoskeleton (Takeichi,2011). Although their stability and persis-
tence are required for epithelial integrity,
adherens junctions are remodeled during
tissue morphogenesis and cell division
(Cavey and Lecuit, 2009). Division of
epithelial cells potentially compromises
the epithelium because it entails thechanging of shape and de novo assembly
of intercellular junctions.
Cytokinesis is the final step of cell divi-
sion, when the mother cell is physically
partitioned in two. In cytokinesis, a
plasma-membrane-associated contrac-
tile ring assembles and constricts to
anaphase
furrowing
alteration
of adhesion
in the
division
plane
de novo
junction
formation
R D
Figure 1. Two Modes of Adherens Junction
Remodeling during Cytokinesis
The adherens junctions (rose and purple) of an
epithelial monolayer are remodeled as the middle
cell undergoes cytokinesis. Orange, contractile
ring; blue, DNA; green, microtubules.
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Previewschange the shape of the cell and close off
the connection between the two nascent
daughter cells (Figure 1). The ring is rich
in actin filaments and nonmuscle myosin
II, as well as scaffold proteins, including
septins and Anillin (Green et al., 2012).
The regulation and machinery of cytoki-
nesis have been established primarily via
work with isolated cells, including yeasts,
invertebrate zygotes, and mammalian
cells in culture. However, the events in
and requirements for cytokinesis in epithe-
lial cells may be different since these cells
are polarized and interconnected. For
example, it is not known whether and
how cell-cell adhesion is maintained
during cell division, or what the contribu-
tion of cellular adhesion to cytokinesis is.
In the previous issue of Developmental
Cell, the groups of Bellaiche, Le Borgne,
andLecuit tackle these issueswith distinct
but complementary approaches (Founou-
nou et al., 2013; Guillot and Lecuit, 2013;
Herszterg et al., 2013).
The authors used the dorsal thorax
epithelium and the embryonic epithelium
of Drosophila as models to characterize
the dynamics of adherens junctions
during cytokinesis. They first noticed
that as cells divided in the plane of these
epithelia, the contractile ring closed
asymmetrically within the division plane,toward the apical membrane of the cell.
Such apically directed asymmetric cytoki-
nesis has been reported for MDCK cells
and many other epithelia (see Herszterg
et al., 2013 for references). In the
C. elegans zygote, the contractile ring
also closes nonconcentrically, but its
directionality is random (Maddox et al.,
2007). Anillin and the septins are required
for the asymmetry of cytokinesis in this
cell-autonomous context. Therefore, the
roles of these conserved ring components
were explored in the Drosophila epithelia.
Interestingly, these proteins are not
required for the asymmetry of furrowing
in epithelial cells (Founounou et al.,
2013; Guillot and Lecuit, 2013). However,
septins are required for the normal rate of
ring closure in the embryonic and pupal
epithelia (Guillot and Lecuit, 2013; Fou-
nounou et al., 2013). Cytokinesis failed in
septin-depleted dorsal thorax epithelial
cells due to incomplete ring closure in
the plane of the epithelium, where the
contractile ring is adjacent to the adhe-
rens junctions (Founounou et al., 2013).
The authors conclude that contractile
rings are weaker without the septins and
that adherens junctions resist contractile
ring closure. This idea is supported by
the observation that in the dorsal thorax
epithelium, septins are dispensable for
orthogonal divisions that give rise to
a cell outside of the monolayer. These
observations suggest that a ring-extrinsic
factor dictates asymmetric furrowing,
which led these groups explore the
impact of adherens junctions on the
mechanics of epithelial cytokinesis.
Prior to these studies, it was thought
that adherens junctions are maintained
throughout cell division (Baker and
Garrod, 1993). Now, light microscopy
with higher temporal andspatial resolution
revealed that during cytokinesis, junctions
in the division plane disengage (Figure 1,
‘‘D’’; Guillot and Lecuit, 2013), or are
dramatically reduced (Figure 1, ‘‘R’’; Fou-
nounou et al., 2013; Herszterg et al.,
2013). Imaging of adjacent dorsal thorax
epithelium cell patches expressing spec-
trally distinct probes elegantly showed
that theplasmamembranesof thedividing
cell and its neighbors remain interposed
during furrowing (Founounou et al., 2013;
Herszterg et al., 2013). In contrast, elec-
tron microscopy of the embryonic epithe-
lium revealed gaps at the vertex between
interphase cells’ adherens junctions andDevelopmental Cell 24,the contractile ring of their dividing
neighbor (Guillot and Lecuit, 2013).
Following the observation that adherens
junctions are disrupted in the region of the
contractile ring,Guillot andLecuit andFou-
nounou et al. hypothesized that tension in
the contractile ring exceeding the tension
at the intercellular junctions leads to adhe-
sion disengagement and allows further
closure of the contractile ring (Founounou
et al., 2013; Guillot and Lecuit, 2013). In-
deed, overexpression of E-cadherin and
thus strengthening of junctions delayed
junction detachment from the ring. In-
creased tension on the dividing cell due
to higher numbers of neighbor cell vertices
also delayed adhesion disengagement
(Founounou et al., 2013;Guillot andLecuit,
2013).When thedividing cell wasmechan-
ically isolated by laser ablation of neighbor
cell junctions, adhesion disengagement
did not occur (Guillot and Lecuit, 2013).
Weakening of the ring by removal of sep-
tins or Anillin extended the time required
for junction detachment to occur (Founou-
nou et al., 2013; Guillot and Lecuit, 2013).
The delay in adhesion disengagement
seen following septin loss of function was
rescued in dividing cells abutting a clonal
patch of cells mutant for E-cadherin (Fou-
nounou et al., 2013). In sum, for the apical
aspect of a cell to change shape in cytoki-
nesis, tension in the contractile ring
must exceed a threshold required to
disconnect from the adherens junctions.
This phenomenon may be analogous to
the Rac-inhibition-dependent localized re-
lease of substrate adhesions involved in
furrowing of cultured cells on hard
substrates (Bastos et al., 2012).
Another critical aspect of cell division in
epithelia is the fortification or de novo
assembly of adherens junction between
the daughter cells. The groups of Bel-
laiche and Le Borgne explored the contri-
bution of neighboring cells to this process
(Founounou et al., 2013; Herszterg et al.,
2013). Two populations of myosin II were
observed in the division plane during
cytokinesis, one in the contractile ring
and the other associated with the adhe-
rens junctions of the neighboring cells
where they border the furrow. Herszterg
et al. used laser ablation and genetics to
eliminate pulling forces from neighbors
on the dividing cell. They showed that ad-
herens junction-associated myosin II in
neighboring cells generates tension that
maintains the ingressing membranes ofFebruary 25, 2013 ª2013 Elsevier Inc. 337
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Previewsthe furrow tightly juxtaposed, likely facili-
tating adherens junctions establishment
and dictating the initial geometry of this
new interface, which is then stably main-
tained by a midbody driven Rac- and
Arp2/3-dependent mechanism that also
promotes adherens junction formation
(Herszterg et al., 2013).
In sum, Guillot, Founounou, Herszterg,
and colleagues have elegantly described
how cell-cell adhesions are remodeled
during cytokinesis (Founounou et al.,
2013; Guillot and Lecuit, 2013; Herszterg
et al., 2013). During contractile ring
closure, the junctional network works
against furrowing. Concomitantly, inter-
cellular connectivity actively aids as-
sembly of the new adhesions between
daughter cells. It will be interesting to see
whether these adhesion dynamics result
in transient loss of tissue integrity such338 Developmental Cell 24, February 25, 201as transepithelial resistance and whether
epithelia handle and respond to these
perturbations in a tissue-specific manner.
The concept that cytokinesis is me-
chanically challenging in epithelia has
interesting implications for cancer. Many
cancers arise from epithelia, and some
may come about as a result of cytokinesis
failure, since further divisions of the result-
ing tetraploid cells can cause aneuploidy
(Lacroix and Maddox, 2012). The con-
tinued characterization of the molecular
and physical requirements for cytokinesis
in tissue contexts is essential for under-
standing both normal and pathological
cell division in animals.REFERENCES
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In a recent issue of Neuron, Chen et al. (2013) show that apoptosis is required to ensure the even distribution
of a class of retinal ganglion cells (ipRGCs), which sense luminance both intrinsically and through input from
rods and cones. Disrupting apoptosis impairs photoentrainment mediated by rods/cones, but not that medi-
ated by ipRGC-expressed melanopsin.The retina is a complex neural network of
more than 60 cell types. Neurons of each
type are usually regularly spaced across
the plane of the retina. The cell bodies of
different neuronal types occupy distinct
and well-defined retinal layers and
synapse within two distinct plexiform
layers (Figure 1) (Masland, 2012). The
even distribution of each retinal cell type
is independent of other cell types, even
when they are synaptic partners. The
dendrites of each cell type overlap or tile
to achieve an even mosaic that ensures
efficient coverage of the retinal surface.
This represents one of the fundamental
principles of functional organization in
the retina: regular arrays of different
neurons are responsible for processingand conveying distinct light information,
such as intensity, contrast, color, and
motion, to the brain.
Like most neuronal populations, more
than half of retinal ganglion cells (RGCs)
undergo programmed cell death. While
apoptosis contributes to the even spatial
distribution of RGCs, the functional impli-
cations of disrupting this even spacing
are not known (Raven et al., 2003). In
a recent issue of Neuron, Chen et al.
(2013) investigated how apoptosis affects
the spatial distribution of a particular class
of RGCs, the intrinsically photosensitive
retinal ganglion cells (ipRGCs), and how
this affects retinal circuitry, light detec-
tion, and circadian photoentrainment of
locomotor activity.In the mouse retina, rods and cones
transform light energy into an electrical
signal and convey this information to
bipolar and horizontal cells at the level of
the outer plexiform layer (Figure 1). In the
inner plexiform layer, bipolar and ama-
crine cells, which integrate and modulate
the output of bipolar cells, synapse with
the RGCs, the only retinal cells project-
ing to the brain (Figure 1). ipRGCs con-
stitute a small percentage of RGCs
(2%); they express melanopsin, making
them capable of autonomously depolariz-
ing to light, even in the absence of rods
and cones (for review, see Schmidt et al.,
2011). Normally, ipRGCs integrate infor-
mation derived from their own intrinsic
melanopsin-based photosensitivity with
